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Introduction
Flame-flame interaction can strongly affect the structure and dynamics of turbulent flames in practical devices. Accurate and robust modelling of these devices therefore requires a detailed understanding of such interactions. Studies have shown that flame-flame interactions can cause changes in flame surface area [1, 2] , local and global consumption speeds [3] , and flame topology [4, 5] . Interaction between adjacent flames can affect the shape [6, 7] , static stability, [8] and dynamic stability [9] [10] [11] [12] [13] of a turbulent flame.
Flame-flame interaction events have been modelled using direct numerical simulation (DNS) [14] .
Early work focused on the local structure of flames during interaction events and resulted in several key findings. First, flame interaction occurs in stages as different zones of the flame interact, including the preheat zone, the inner layer, and the oxidation layer. During a flame interaction, the distribution of heat release and species in each zone can change dramatically due to the realignment of species and temperature gradients [15] . Experimental studies have also shown flame-flame interaction leads to increased flame curvature in premixed bluff-body stabilized flames [16] . Second, the high levels of strain and enhanced radical pools, a result of the interacting preheat and reaction layers, result in increased heat-release rate [17] and consumption rate [3] . Finally, flame-flame interaction can result in pocket formation [2, 18] , where reactants may diffuse into the products during the interaction and can lead to incomplete combustion [19] . A recent DNS [5, 20] considered the structure and frequency of specific interaction topologies in two interacting rod-stabilized flames. They found that tunnel closures and reactant-pocket formation occur throughout the flame, but high-strain events like product-pocket formation do not occur until far downstream, where the flame is more wrinkled. The wide range of scales over which these events occur poses an obvious challenge for computationally expensive techniques such as DNS and makes experimental investigation a more viable way to statistically characterize these phenomena.
The goal of this study is to investigate the effect of flow interaction on flame-flame interaction.
We accomplish this by placing two identical premixed turbulent Bunsen burners 30 mm apart and operating one with a flame and the other without; we apply high-speed laser imaging measurements to study the flame-flame interaction in the resulting flow.
Experiment Configuration and Methods

Burner details and experimental configurations
The experimental facility consists of two identical, premixed high-aspect-ratio Bunsen burners with 100 mm x 10 mm exit planes ( Figure 1) . Each burner has a lower and an upper section, measuring 178 mm and 160 mm tall, respectively. The lower section contains the inlet for the premixed reactants (natural gas and air), and a ceramic honeycomb flow-straightener. The upper section contains an additional 4 ceramic honeycomb flow straightener and two perforated plate turbulence generators. These plates have 3.175 mm hole-diameters, 40% open area, and are mounted 30 and 10 mm upstream of the burner exit.
The plates are designed to produce a uniform flow with high turbulence at the burner exit [21] . Each burner also contains two pilots, thin pilot flames aligned with the 100 mm edges of the burner exit that anchor the flame and a wider outer pilot that back-support the flames downstream. 
S-PIV System
A high-repetition-rate, dual cavity Nd:YAG laser operating at 532 nm is used, along with a pair of CMOS sensor cameras (Photron FASTCAM SA5) equipped with 100 mm f/2.8 lenses (Tokina Macro) to perform S-PIV measurements. Nikon teleconverters are used on the cameras to accommodate a safe standoff distance from the burners. Scheimpflug adapters account for the relative angle between the laser sheet and the cameras, and forward-forward scatter mode is implemented. The 532 nm laser beam is passed through a periscope, and a collection of three cylindrical lenses form a collimated sheet with an approximate height of 50 mm. The flowfield is seeded with 0.5-2 micron aluminum oxide particles, and the 532 nm laser-illuminated images are collected at 10 kHz in double-frame mode, with a pulse separation of 14 μs. Near-infrared filters and laser line filters are utilized to filter the signal before it is collected on the camera sensor. Vector calculations are performed using DaVis 8.3 from LaVision. Using a multi-pass algorithm, vector-fields are calculated, where the window sizes range from 64x64 to 16x16; for each pass, a 50% overlap is used resulting in an inter-vector distance of 0.48 mm. Vector post-processing is performed with a universal outlier detection scheme with a 3x median filter. Using the uncertainty calculation algorithm in DaVis, a maximum uncertainty of ± 0.46 m/s is obtained in the shear layer locations. This matches a ± 0.1 pixel uncertainty of the cross-correlation peak-finding algorithm, which is estimated to be ± 0.43 m/s. The presence of the jet on one side of the flame affects the time-averaged progress variable field ( ̅ ). The time-averaged progress variable is calculated by averaging binarized instantaneous images of reactants (c=0) and products (c=1), which are obtained by first applying median and bilateral filtering to the sheet-corrected OH-PLIF images and then thresholding using Otsu's method [22] . The flow interaction also has an impact on the local characteristics of the flame, including the flame curvature statistics and the frequency and topology of flame interaction events. Figure 4 shows the curvature PDFs for the inner and outer branches of all flames. These PDFs show that the inner branch has more negative curvatures than the outer branch in all cases. Table 2 shows the skewness factors ( and )
Results and discussion
for the inner-and outer-flame branches, respectively. Positive values of for PDF trends in FOV I
indicate that a large number of curvatures are negative, illustrating that the inner-flame branches are more negatively curved than the outer-flame in these flames. This result is similar to that of Worth and Dawson [16] in their study of two interacting bluff-body stabilized flames; the negative curvatures were indicative of more flame cusping events. Studies by Dunstan and co-workers [5, 20] showed that local flame-flame interactions with negative curvatures are either counter-normal, tunnel-closure, or pocket burn-outs. This suggests that the inner branches of flames in the current study could display these types of interactions. The negative bias in the flame-front curvatures is only observed in the first FOV. Turbulence Changes in the curvature PDFs indicate that the instantaneous topology of the flame is different on the inner and outer branches, and one reason may be differences in local flame interaction [5, 16, 20] .
Flame interaction events are identified using a non-rigid image registration technique (described as Automatic Feature Extraction in [5, 20] this finding aligns with the curvature PDF results, where the inner branch displays more negative curvatures. In FOV II, the differences are smaller, which is reflected in the curvature PDF results as well.
In FOV III, the number of interactions occurring in the inner and outer branches are similar, likely due to shear layer merging and the proximity of the two branches at the tip. Analysis of the flame edge movies
shows that a majority of interactions occurring in FOV III are pocket formations. For flame E, the number of interactions is quite large as compared with the rest of the test cases. The flame-edge movie for this case shows that large numbers of pockets are formed in this region, and some pockets break into several smaller pockets that eventually burn out. The enhanced interactions in FOV III of flame E are likely driven by the interaction with the high-velocity jet adjacent to the flame, which entrains the tip of the flame at these high speeds. 
